Aims: To identify baseline clinical factors associated with acute treatment response in depressed older adults with bipolar disorder (BD) receiving lamotrigine. Methods: Secondary analysis of a multisite, 12-week, open-label, uncontrolled study of addon lamotrigine in 57 adults 60 years and older with BD I or II depression. Measures included the Montgomery Asberg Depression Rating Scale (MADRS) and Young Mania Rating Scale (YMRS). Cardiometabolic risk was measured with total serum cholesterol and the Cumulative Illness Rating Scale-Geriatric (CIRS-G) item #13 (endocrine/metabolic burden). Neurocognitive (executive) function was evaluated using the Trail Making Test. Results: Greater reduction in MADRS from baseline was associated with higher baseline cardiometabolic burden at 6 and 9 weeks and lower YMRS scores at 9 weeks. At 12 weeks, improvement in the MADRS from baseline was no longer significantly related to baseline cardiometabolic burden or YMRS scores. A longitudinal mixed model of MADRS scores corroborated these findings with a significant finding of time-by-baseline cholesterol level interaction. In a subset of participants, better baseline executive function was related to greater improvement in the MADRS at 9 weeks but not at 6 or 12 weeks. Among all participants, higher baseline YMRS scores were related to greater likelihood of dropout.
Introduction
Depression is a severe and pervasive problem among individuals with bipolar disorder (BD) that is associated with reduced quality of life and functional decline, increased risk for relapse/rehospitalization, and suicide. [1] [2] [3] Across the life span, BD depression causes substantially greater disability than mania. 1, [4] [5] [6] [7] [8] Of the 6 million American adults with BD, roughly 1 million are over the age of 60 (NIMH; US Census Bureau, www.census.gov). In older adults, BD depression appears to be particularly malignant, being associated with substantial medical comorbidity, early dementing illness, and premature mortality. 5, 9 In comparison to younger patients with BD, treatment options for older adults are limited. [10] [11] [12] While lithium is reported to have long-term beneficial effects in BD, such as reduction in suicidality 13 and neuroprotection, 14 limitations to the use of lithium in elderly individuals include renal toxicity 10 and acute negative cognitive adverse effects. 15 Atypical antipsychotics carry an US Food and Drug Administration (FDA) ''black box'' warning for patients with dementia and questions remain about more general geriatric applicability. 16 Antidepressants for BD depression are controversial because of efficacy and safety concerns, and practice guidelines generally recommend against using them. [17] [18] [19] Hence, there is a critical need to find effective and tolerable treatments for older adults with bipolar depression.
We have previously published an open-label trial of geriatric bipolar depression treatment with lamotrigine. 20 We found that lamotrigine was generally well tolerated and was associated with reduction in depressive symptoms as measured by the Montgomery Asberg Depression Rating Scale (MADRS) 21 over 12 weeks. Lamotrigine, like other mood stabilizers, has been shown to modulate glutamate levels, which is the major excitatory neurotransmitter in the central nervous system (CNS). Glutamate elevation in the anterior cingulate/medial prefrontal cortex has been associated with depression in patients with BD. 22, 23 In particular, impairments in the glutamatergic system appear to play a significant role in the morphometric changes in the CNS observed with severe stress. 24, 25 For example, in hippocampal neurons, it is theorized that excessive glutamatergic throughput leads to high intracellular levels of calcium, which in turns leads to overactivation of calciumdependent enzymes and the generation of free oxygen radicals, leading to neurotoxicity. 26 Although much of the evidence for the potential involvement of the glutamatergic system in depression must be considered indirect, 27 an increasing number of reports have suggested that glutamate modulators may exert antidepressant effects in BD depression. 25 Further, agents that act primarily on neuroprogressive pathways involving oxidative stress, neurotrophins, and inflammatory cytokines could be particularly efficacious in individuals with BD who have significant medical comorbidities because of their effects on shared vulnerability factors in BD, medical illness, and cognitive loss.
In this secondary analysis, our aim was exploratory, examining whether factors related to medical or cognitive comorbidities would be associated with treatment response over 6, 9, and 12 weeks. A limited literature in mixed-age BD suggests that there are differences in medication treatment response among subgroups of patients with BD that appear related to clinical and neurobiological abnormalities (particularly cardiometabolic risk factors) that are common among individuals with BD. 9, 25, 28 Identifying individuals who might experience early, more robust improvement could be helpful to clinicians and patients due to the requirement of lengthy titration to a therapeutic dose because of the medically significant skin rash (Stevens Johnson Syndrome or Toxic Epidermal Necrolysis; Glaxo-SmithKline, Research Triangle Park, NC 2011). For this exploratory analysis, baseline factors of interest included mood symptom severity, cardiometabolic burden, and executive function. We chose 6 weeks as the starting point of our examination since participants would have titrated to the maximum dose of lamotrigine by that time.
Methods
We conducted a multisite, 12- week, open-label, uncontrolled trial of add-on lamotrigine in 57 adults 60 years and older with BD I or II depression. Detailed methods of the trial are described elsewhere. 20 In brief, lamotrigine was added to current maintenance mood-stabilizing medication, initiated at 25 mg/d, and titrated to a target dose of 200 mg/d (100 mg/d in those taking valproate). Mood stabilizers that had been prescribed at stable dose for at least 90 days could be continued unchanged. Antidepressants and antipsychotics prescribed at stable dose for at least 30 days could be continued unchanged. Primary outcome was change from baseline in MADRS scores based on the final dose of lamotrigine. All participants met depressive symptom severity criteria of 18 or more on the GRID version of the 24-item Hamilton Depression Ratings Scale (GRID HAM-D). 29, 30 
Measures
We assessed mood with the MADRS, GRID HAM-D, and Young Mania Rating Scale (YMRS) 31 scores. We measured cardiometabolic risk with total serum cholesterol and the Cumulative Illness Rating Scale-Geriatric score (CIRS-G) item #13 (endocrine/metabolic burden). 32 While other lipid parameters were measured, we focused on total serum cholesterol because low-density lipoprotein (LDL), high-density lipoprotein (HDL), and triglycerides are correlated and would introduce the need to correct for multiple testing. We examined blood pressure (systolic and diastolic) and body mass index (BMI). We evaluated executive function with the Trail Making Test (Trails). 33 
Statistical Methods
We employed a variety of methods for this secondary analysis. We conducted separate standard regression models with change in MADRS from baseline to the 6-, 9-, or 12-week time point as the dependent variable. Explanatory variables for one set of regression models were baseline YMRS score, CIRS-G item #13, and cholesterol level. Another set of regression models looked at high cardiometabolic risk and low neurocogntive status as explanatory variables. Additionally, we used mixedeffects longitudinal modeling with MADRS scores as the dependent variable. This model included participant-level random effects and the following explanatory variables: time period as a categorical variable and baseline YMRS, total cholesterol, and CIRS-G item #13. Corresponding interactions between time period and total cholesterol were also included. Time was viewed as a categorical variable to allow for flexible, nonlinear modeling of the course of MADRS scores. Last, we used logistic regression to model predictors of treatment termination or dropout that included YMRS score, sex, and cholesterol level. We followed logistic regression with Cox regression to model time until dropout. Explanatory variables included in the model were YMRS score, sex, and CIRS-G item #13.
Results
Demographic and clinical characteristics of the participants are presented in Table 1 . Mean lamotrigine dose was 150.9 mg/d, range 25 to 200 mg/d. Concomitant medications included lithium (n ¼ 6, 10.5%), divalproex/valproate (n ¼ 9, 15.8%), any anticonvulsant (n ¼ 19, 33.3%), antipsychotics (n ¼ 18, 31.6%), and antidepressants (n ¼ 34, 59.7%). There was significant improvement from baseline in MADRS (df ¼ 8, w 2 ¼ 43.37, P < .0001). Additionally, there was significant improvement in GRID HAM-D (df ¼ 8, w 2 ¼ 46.10, P < .0001).
Baseline Clinical Variables and BD Depression Treatment Outcomes
Significant associations were found between cardiometabolic risk variables and BD depression treatment outcomes. Using a regression model to examine treatment outcome, greater reduction in the MADRS from baseline was associated with higher baseline cholesterol levels and higher baseline endocrine/metabolic burden (CIRS-G item #13) at weeks 6 and 9, and also lower baseline YMRS scores (F (1, 30) ¼ 4.28; P ¼ .047) at week 9 (see Table 2 for parameter estimates, standard errors, and P values). However, at 12 weeks, improvement in the MADRS from baseline was no longer significantly related to baseline cholesterol (F (1, 30) 
. We found no relationship between treatment response at 6, 9, or 12 weeks between blood pressure and BMI.
Longitudinal mixed modeling corroborated the regression models with the finding of a significant time-by-baseline cholesterol interaction (F (7, 165) ¼ 2.16, P ¼ .040). An AR(1) autoregressive correlation structure was estimated, with participant-level random intercept effects, and time and CIRS-G item #13 viewed as a categorical variables, and baseline YMRS and total cholesterol as covariates. At 9 weeks, estimated interactions indicated relatively lower expected MADRS scores in individuals with higher baseline cholesterol; while at 12 weeks, relatively higher MADRS scores were expected. For example, in participants with the same YMRS baseline and CIRS-G item #13 scores, but cholesterol level of 100 mg/dL or more, would lead to a lower MADRS score of 2.35 at 9 weeks. At 12 weeks, the same assumptions would lead to a higher MADRS score of 1.22; while at 6 weeks, there would be essentially no expected difference (0.03 MADRS score).
Executive Function and BD Depression Treatment Outcomes
For the following analyses, participants were considered at higher cardiometabolic risk if either their baseline cholesterol level was greater than or equal to 224 mg/dL or their baseline CIRS-G item #13 score was equal to 2 or 3 (32 [56%] out of 57 depressed elders with BD). Participants were considered to have higher or lower neurocognitive status if their ratio of TRAILS B/TRAILS A time was below or above the median of 2.77, respectively. These groups were then fit to a regression model as covariates with reduction in MADRS score from baseline as the dependent variable. Greater reductions from baseline in MADRS scores at week 9 were associated with higher neurocognitive status (n ¼ 16, t ¼ 2.847, P ¼ .014) and higher cardiometabolic risk (n ¼ 16; t ¼ À2.493, P ¼ .027), meaning better executive function was associated with greater improvement in mood (in the context of higher cardiometabolic disease). However, we found no relationship between neurocognitive status and mood at 6 or 12 weeks.
Predictors of Treatment Termination
Dropout at 6, 9, and 12 weeks was 22.8% (n ¼ 44 remaining), 31.6% (n ¼ 39 remaining), and 33.3% (n ¼ 38 remaining), respectively. There was a significant positive relationship between YMRS scores and the likelihood of treatment termination or dropout. A binary logistic regression model of dropout that included YMRS scores, sex, and cholesterol levels as explanatory variables revealed that higher YMRS scores were a significant predictor of dropout (df ¼ 1, w 2 ¼ 5.49; P ¼ .019). Further supporting this finding, a Cox regression model of time until dropout that included YMRS scores, sex, and CIRS-G item #13 as explanatory variables revealed that higher YMRS scores were associated with a higher hazard rate or less time until dropout (df ¼ 1, w 2 ¼ 6.57; P ¼ .010). The other explanatory variables in these 2 regression models were not significant predictors of dropout or hazard rate.
Discussion
In this secondary analysis of an uncontrolled, prospective trial of lamotrigine in late-life BD depression, greater cardiometabolic risk was related to early robust response while more manic symptoms related to reduced response. By targeting shared vulnerability factors related to oxidative stress, lamotrigine may work best in depressed elders with BD who have high cardiometabolic risk. These findings are in accord with the growing literature that support the critical need to integrate medical and psychiatric care of depressed elders with BD having high cardiometabolic burden to improve the overall treatment outcomes. 34 Additionally, our findings also correspond with published reports that lamotrigine works less optimally in patients presenting with mixed symptoms. 18 While our report did not show a clear effect of cognition on treatment response, studies in mood disorders suggest a relationship between treatment resistance and executive dysfunction or white matter hyperintensity (WMH) burden in the CNS. A recent study demonstrated that pretreatment of WMH and impairment in executive function predicts reduced response to antidepressant treatment at 12 weeks among elderly individuals with unipolar depression. 35 Two studies in mixedaged BD examined WMH as indicators of treatment resistance and poor outcome. 36 Moore found that when categorizing patients (n ¼ 29; mean age 20-65) by good (n ¼ 14) or poor (n ¼ 15) outcome, participants with significantly more poor outcome had deep subcortical punctuate but not periventricular WMH burden than good outcome participants or controls (n ¼ 15). 37 Regenold et al found that treatment resistance was significantly related to WMH volume and CSF concentrations of sorbitol and fructose in individuals with BD (n ¼ 20; 44.3 + 11.8 years) but not in patients with schizophrenia (n ¼ 15: 41.1 + 11.9) or neurologic controls (n ¼ 15; 42.5 + 9.8 years). 38 Their findings suggest a relationship between brain polyol pathway activity, WMH, and treatment resistance in BD. Taken together, these findings support the understanding that better executive function may be a marker of more intact frontostriatal neurocircuitry that could be more responsive to pharmacologic intervention. 39 If this understanding holds true, then this pharmacologic effect would not be unique to lamotrigine.
Limitations of the study need to be considered. This is an open-label study, with a small sample size and brief assessment battery, which make the findings hypothesis-generating rather than confirmatory. Although the results from the longitudinal mixed modeling are statistically significant, they have less clear clinical significance because the predicted differences in MADRS scores from differences in cholesterol values are not large enough to be clinically meaningful. Nonetheless, these results do provide support for the other findings.
Additionally, we were unable to employ an overall measure of cardometabolic burden, such as the Framingham Stroke Risk Profile, 40 because it was not part of the primary study. That blood pressure and BMI were not significantly related to treatment response, while total cholesterol was, suggests the need to look at the vascular disease in the brain more directly (eg, neuroimaging measures of WMH burden) rather than with peripheral measures. Last, longer term outcome-based cardiometabolic risk factors would be highly informative, given the chronic nature of depressive symptoms in BD. 1, 41 Initiatives at the NIMH encourage personalization of mental health treatments ''to who is most likely to respond to a given intervention''. While the treatment of depressive episodes associated with BD remains a major unmet need, our secondary analysis presents an initial step to identify patients with BD who may respond early and robustly to lamotrigine, based on easily measured clinical variables (eg, serum cholesterol). Having an understanding of which older patients with BD could respond more robustly could help clinicians and patient enhance adherence to lamotrigine through an extended titration period needed for treatment. Additionally, an understanding of trajectories of treatment response might help with treatment planning (eg, identifying additional services to coordinate with pharmacotherapy). Although more work is needed to find better treatment for BD depression across the life span, our approach to older adults with BD may help reduce trial and error in the acute treatment of older adults with BD who are experiencing depression.
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